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The objective of this study was to investigate existing ﬁshing, capture and post-capture practices and
their effects on the quality of tuna with respect to histamine and other amines. The study was under-
taken in the northeastern coast of Brazil from December 2007 until December 2008. Fishing was per-
formed at high-ocean by pelagic trawl using stainless steel boats and Spanish or American technology.
Illex argentinus was used as baits. The ﬁsh were insensibilized, bled, eviscerated, rinsed with seawater
and stored with ﬂake ice. Histamine was not detected in 95% of the samples whereas histamine levels
ranged from 4.92 to 6.90 mg/kg in 5% of the samples. Every lot analyzed complied with the European
legislation, and the ﬁsh were classiﬁed as good quality. No signiﬁcant difference was observed on
histamine levels between ﬁsh that were captured dead and alive. The results indicate that the prevalent
ﬁshing, capture and post-capture practices used by boats from Rio Grande do Norte, Brazil, are ensuring
good quality tuna.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
There has been a steady global increase in seafood availability
and consumption over the last decade. However, recently, seafood-
related disease outbreaks have caught the attention of the inter-
national press. An increase in seafood-related illnesses has been
documented, generating greater interest in seafood safety world-
wide (Gonzaga, Lescano, Huaman, Salmon-Mulanovich, & Blazes,
2009; Krizek, Vacha, Vorlová, Lukasova, & Cupakova, 2004).
Histamine (or scombroid) poisoning is one of the leading causes of
food-borne illness associated with the consumption of ﬁsh.
Therefore, it is a signiﬁcant public health and safety concern. It is
caused by the consumption of ﬁsh containing high levels of hista-
mine by itself or in the presence of other biogenic amines (e.g.,
putrescine, cadaverine). Histamine poisoning is usually a mild
illness with a variety of symptoms including rashes on the face,
neck and upper chest; nausea; vomiting; diarrhea; ﬂushing;
sweating; abdominal cramps; headache; dizziness; palpitation;
oral burning sensation; metallic taste and hypotension. The
severity of the symptoms varies considerably depending on the
amount of histamine ingested and the individual’s sensitivity to: þ55 31 3409 6911.
.
sevier OA license.histamine. The time of onset of histamine poisoning varies from
several minutes to 3 h after ingestion of the ﬁsh containing hista-
mine levels 500 mg/kg. Victims usually recover within 8 h. Many
incidents go unreported because of the mildness of the symptoms,
lack of required reporting and misdiagnosis. Symptoms can be
confused with infection by other microorganisms and also with
food allergies. The problem is alleviated with antihistamine drugs
(Bulushi, Poole, Deeth, & Dykes, 2009; CDC, 2010; Lehane & Olley,
2000; McLauchlin, Little, Grant, & Mithani, 2005; Taylor, 1986).
Several outbreaks of histamine poisoning have been reported in
a number of countries and it is one of the most prevalent forms of
seafood-borne disease throughout the world. With the recent
recommendation to increase ﬁsh consumption due to its beneﬁts to
human health, it is likely that histamine poisoning will assume
a larger role in public health. Scombroid ﬁsh, such as tuna, bonito
and mackerel, are often implicated in scombroid poisoning inci-
dents (Chang, Kung, Chen, Lin, & Tsai, 2008; Krizek, 2009). Hista-
mine is not present in the ﬁsh when captured. However, the
formation and accumulation of histamine can occur when the ﬁsh
contains abundant free histidine in the muscle, which is typical of
scombroid ﬁsh; when microorganisms that can produce histidine
decarboxylating enzymes are present; and when time and
temperature conditions during catching, processing and distribu-
tion allow the production and accumulation of histamine and other
biogenic amines in the ﬁsh (Chang et al., 2008).
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handling or storage of ﬁsh, prevention measures are possible
(Bulushi et al., 2009; Lavon, Lurie, & Bentur, 2008; Lehane & Olley,
2000). Postharvest ﬁsh should be protected from bacterial
contamination, especially histamine-forming bacteria. The key to
the prevention of histamine production is the rapid cooling of the
ﬁsh after catching. Furthermore, the temperature of the ﬁsh must
be controlled and kept low. The most effective prevention for
scombroid ﬁsh poisoning is proper refrigeration of the ﬁsh at
4.4 C at all times between capture and consumption. Sensory
evaluation of the ﬁsh is not sufﬁcient to detect the absence or
presence of histamine; therefore chemical testing is required.
Unlikemany bacterial pathogens, histamine is not destroyed during
freezing or cooking, making adherence to temperature require-
ments throughout all stages of the food chain essential (CDC, 2010;
FDA, 2001; Gloria, Daeschel, Craven, & Hilderbrand, 1999; Lehane &
Olley, 2000; Tao, Sato, Yamaguchi, & Nakano, 2009).
In 1996, the FDA established the seafood hazard analysis and
critical control point (HACCP) program to identify and prevent
seafood processing hazards that could lead to food-borne illness. A
hazard action level of 50 mg/kg was set for scombroid or
scombroid-like ﬁsh based on data collected from numerous
outbreaks (FDA, 2001). In Canada, Switzerland, Brazil and Merco-
sur, the maximum permissible limit of histamine in ﬁsh and ﬁsh
products is 100 mg/kg (Brasil, 1997, p. 10,282; Hu, Xia, & Liu, 2007).
The Council Directive of the European Union speciﬁed the contents
of histamine in ﬁsh. Nine samples must be taken from each batch
and analyzed individually using high performance liquid chroma-
tography (HPLC) and they must fulﬁll the following requirements:
the mean must not exceed 100 mg/kg; two samples may have
a value of more than 100 mg/kg but less than 200 mg/kg; and no
sample may have a value 200 mg/kg (CE, 1991).
There is very little information regarding the levels of histamine
in tuna ﬁsh harvested in Brazil. Furthermore, no information is
available regarding the ﬁshing and post-capture handling practices.
Therefore, this study was undertaken to assess the consequences of
existing ﬁshing and post-capture practices on the levels of hista-
mine and on the quality of tuna captured on the northeastern coast
of Brazil from December 2007 until December 2008.
2. Material and methods
2.1. Fish samples
The ﬁsh were caught off the coast of Rio Grande do Norte by
pelagic trawl. The characteristics of the ﬁshing boats were noted.
The procedures undertaken for the capture of the ﬁsh and also the
post-capture procedures were carefully followed. A total of 180
yellowﬁn e Thunnus albacares and bigeye e Thunnus obesus tuna
samples were obtained from December 2007 until December 2008.
Twenty-four samples of yellowﬁn tuna and 24 samples of bigeye
tuna were separated onboard based on the condition of the ﬁsh
upon capture, i.e., dead or alive.
2.2. Standards and chemicals
Histamine (HIM) dihydrochloride, putrescine (PUT) dihydro-
chloride, spermidine (SPD) trihydrochloride, spermine (SPM) tet-
rahydrochloride, agmatine (AGM) sulfate, cadaverine (CAD)
dihydrochloride, serotonin (SRT) hydrochloride, tyramine (TYM),
tryptamine (TRM), 2-phenylethylamine (PHM) dihydrochloride
and o-phthalaldehyde were purchased from Sigma Chemical Co.
(St. Louis, MO, USA).
All reagents were of analytical grade, except those used in the
HPLC analysis which were chromatographic grade. Water waspuriﬁed by a Milli-Q apparatus (Millipore Corp., Milford, MA, USA).
The mobile phases were ﬁltered in HAWP and HVWP membranes
(0.45 mm pore size, Millipore Corp., MA, USA) for aqueous and
organic solvents, respectively, and the extracts were ﬁltered in
HAWP membranes.
2.3. Determination of histamine and other bioactive amines
The samples were analyzed for histamine and other bioactive
amines by ion pair-HPLC using a mBondapak C18 column
(300 3.9 mm i.d, 10 mm,Waters, Milford, USA). The samples were
quantiﬁed after post column derivatization with o-phthalaldehyde
and ﬂuorimetric detection at 340 nm of excitation and 450 nm of
emission (Gloria et al., 1999). The amines were identiﬁed by
comparing the retention time of peaks in the sample to standards
and were conﬁrmed by the addition of the suspect amine to the
sample. The concentrations of the amines were determined by
direct interpolation in standard curves with R2  0.9926. The limit
of determination for every amine investigated was 0.56 mg/kg.
2.4. Determination of indices of tuna quality based on the levels of
bioactive amines
The total levels of polyamines and of biogenic amines were calcu-
lated by comparing ﬁsh that were captured both dead and alive. Total
polyamine level was given by the sum of spermine and spermidine
levels, whereas total biogenic amine level was given by the sum of
putrescine, cadaverine, histamine, tyramine, tryptamine and phenyl-
ethylamine. The Mietz and Karmas index was calculated as follows:
(putrescine þ histamine þ cadaverine)/(1 þ spermine þ spermidine)
(Mietz & Karmas, 1977).
2.5. Statistical analysis
The data were submitted to analysis of variance (ANOVA) and
the means were compared by the Tukey test at 5% probability
(SIGMA STAT 2.0, Systat Software Inc, Richmond, CA, USA).
3. Results and discussion
3.1. Prevalent ﬁshing conditions
Fishing was accomplished at high-ocean, 200 m off the conti-
nental slopes, including the Exclusive Economic Zone (EEZ) and
international waters. The ﬁsh were captured by pelagic trawl, near
the water surface, rarely exceeding 200 m3 in depth.
The ﬁshing vessels used in this study belonged to a Brazilian
company based in the city of Natal, in the state of Rio Grande do
Norte, Brazil. The boats were made in Brazil, Spain and Japan and
were adapted to American or Spanish ﬁshing technology. They
were 25- to 40-m-long stainless steel boats with the capacity to
store 20e60 tonne of fresh ﬁsh in ﬂake ice.
The boats were equipped with satellite navigators and school
localizers, and a GPS, echosounder, radar, radio and radio-
goniometer, which are important instruments used in the detection
of tuna. These pieces of equipment are necessary to accurately and
rapidly locate and retrieve the lines. According to the Food and
Agriculture Organization (FAO, 2001), the use of electronic instru-
ments and ﬁsh detection equipments has aided in the growth of the
ﬁshing economy.
The boats stayed at sea for 25e32 days. Each boat was capable of
producing enough speed to travel long distances and to deliver the
tuna with an allotted time frame and in a certain predetermined
condition. The boats were provided with ﬁshing tools to accom-
modate different types of hooks that were used across long
Fig. 1. Number and size of tuna lots captured at the northeastern coast of Brazil with
the purpose of exportation to the European Union form December of 2007 until
December of 2008.
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and preservationwere available as well. All boat parts were in good
working conditions, easy to maneuver and equipped with the
capacity to withstand rough situations in offshore areas, especially
during the monsoon seasons. Developments in refrigeration, ice
making and ﬁsh processing equipment also allowed the boats to
remain at sea for extended periods (Fishtec, 2003). The boats
usually went to the ocean at the crescent moon and returned
during the waning moon. The deck crew comprised of three to 16
men depending on the size of the boat.
The tunawas captured in theWest Tropical Atlantic Ocean using
pelagic trawl for ﬁshing, also called drifting longlines, which
consists of a main line (ca. 80 km long) constructed of high resis-
tance nylon fromwhich hang 1500 to 2000 secondary lines that are
attached to hooks with baits. Illex argentines, imported from
Argentina and Uruguay, were used as baits. To make the baits more
attractive to the tuna ﬁsh, they were painted with brilliant paint
and light-sticks were attached to the secondary lines near the baits.
The drifting longlines were sent to the ocean at sunrise and
captured the next day before dawn.
3.2. Prevalent post-capture conditions
Immediately after capture, the live ﬁsh were insensibilized by
puncturing the cranium. They were bled by means of a cut below
the pectoral ﬁn so that the heart, which still pulsed, could pump the
blood away. The ﬁsh captured dead were bled using pressurized
water to expel the remaining blood. After bleeding, the ﬁsh were
eviscerated, rinsed with ﬁltered and chilled seawater and the
excess water was removed. The ﬁsh were covered with a cotton
cloth to protect the skin from direct contact with the ice and kept in
a refrigerated chamber with chlorinated water ﬂake ice at
a proportion of one part ﬁsh to one part ice. The entire post-capture
processing was performed within 10 min.
The post-capture procedure that was used for live ﬁsh causes
immediate loss of consciousness which reduces activity and stress
on tuna prior to slaughtering. However, a new slaughtering system
that has been used commercially e the administration of an elec-
trical discharge by an electronic device e could be used to further
improve tuna quality (Mateo et al., 2006). According to FAO (2003),
the ideal conditions for refrigerating ﬁsh in tropical conditions are
to use three parts ice per one part ﬁsh. Ideally, there should still be
some ice left in the hold after all ﬁsh have been discharged at the
end of each trip, indicating that the correct weight of ice was
estimated in proportion to the amount of ﬁsh that was captured.
Once on shore, the ﬁsh underwent visual inspection by trained
personnel and were classiﬁed and directed to different markets
according to characteristics of their quality. At this point,
600e800 g of meat samples were taken from each of the nine ﬁsh
representing the lot, packaged into sterile bags, placed in hermet-
ically sealed boxes and taken to the laboratory for analysis.
3.3. Fish captured from the coast of Rio Grande do Norte, Brazil
During the study, 20 different lots of ﬁsh were exported to the
European Union. The size of each lot varied from 3000 to 95,000 kg
of ﬁsh. According to Fig. 1, during the months of January, May,
August and September of 2008, three different lots of ﬁsh were
exported to the European Union; two lots in February, March and
April; and only one lot was available in December of each year. May
2008 was the month with higher amount of ﬁsh (136,000 kg),
followed by August 2008 (98,000 kg), September 2008 (76,000 kg)
and January 2008 (56,000 kg). In December of each year, the lot
contained 40,000 kg. The majority of the ﬁsh were yellowﬁn and
bigeye tuna. In general, longlines that target yellowﬁn are set atrelatively shallow waters, near the thermocline whereas bigeye
lines are set at the deepest waters (Fonteneau, Ariz, Delgado,
Pallares, & Pianet, 2005).
The weight of the tunawithout the head varied from 60 to 80 kg
and they were 80e160 cm long. Differences in the lot number and
size of the ﬁsh could be associated with the size of the ship from
which they were captured or the water temperature and avail-
ability of oxygen and food, which determines the availability of
each type of ﬁsh. The availability and size of ﬁsh can also be affected
by the speed and direction of deep-water currents, the presence
and density of prey organisms and the moon phase (FAO, 2001).3.4. Histamine levels in tuna ﬁsh from the coast of Rio Grande do
Norte, Brazil
180 samples of tuna representing 20 different lots were
analyzed yielding a total of 529,000 kg of ﬁsh. Histamine was only
present at detectable levels in 5% of the samples (9 out of 180
samples) of the fresh tuna. Histamine levels varied from 4.92 to
6.90 mg/kg and the mean of levels found in the nine positive
samples was 5.78 mg/kg. Although histamine was detected in a few
samples, every analyzed lot was in compliance with the legislations
from Brazil, Mercosur, USA and the European Union (CE, 1991; FDA,
2001; Brasil, 1997). The occurrence of histamine is in this study is in
accordance with the results described by Silva, Sabaini, Evangelista,
and Gloria (2011). According to the guidelines issued by the US
Food and Drug Administration (FDA), every sample of ﬁsh analyzed
in this studywas classiﬁed as good quality ﬁsh, because it contained
less than 10 mg/kg of histamine. Furthermore, the levels of hista-
mine found were below 9.0 mg/kg, which indicates that the ﬁsh
were in a very good state of preservation (Bulushi et al., 2009;
Lehane & Olley, 2000). Therefore, these results indicate that the
ﬁshing, capture and post-capture practices used by companies of
Rio Grande do Norte, Brazil, ensured good quality ﬁsh.
The two lots of ﬁsh that contained detectable levels of histamine
were captured in March and April of 2008 (late summer) during
months with lower ﬁsh production. The presence of detectable
levels of histamine could be a result of the longer storage time
necessitated by longer trips during these low production months.
Longer storage time could favor histamine formation. According to
Lehane and Olley (2000), during late summer, both ﬁsh and water
have the highest temperature, which can favor histamine forma-
tion. This information is in agreement with the higher incidence of
histamine poisoning outbreaks during summer (McLauchlin et al.,
2005).
Table 1
Mean levels of bioactive amines in pelagic trawl caught yellowﬁn (Thunnus alba-
cares) and bigeye (Thunnus obesus) tuna captured dead or alive.
Species/capture Amines levelsa (mg/kg)
SPD SPM PUT
Yellowﬁn tuna
Alive 0.26  0.05 0.97  0.12xy 0.09  0.01xy
Dead 0.29  0.07 1.00  0.09x 0.11  0.02x
Bigeye tuna
Alive 0.28  0.04 0.89  0.09xy 0.09  0.02xy
Dead 0.43  0.42 0.78  0.06y 0.07  0.02y
a SPD e spermidine, SPM e spermine, PUT e putrescine. Mean levels with
different letters (x,y) in the same column are signiﬁcantly different (Tukey test, 5%
probability).
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typical of tuna ﬁshing and the number of samples recommended by
the EU for the analysis of histamine (CE,1991). During this study, lot
sizes ranged from 3000 up to 95,000 kg of ﬁsh. Withdrawal of nine
samples from each of these lots may not have the same statistical
representation and signiﬁcance across the different-sized lots.
Studies are needed to elaborate a sampling procedure that would
be more representative of the different lot sizes of ﬁsh.
3.5. Inﬂuence of ﬁsh capture conditions on the levels of bioactive
amines and quality of the ﬁsh
During capture of the ﬁsh from the trawls, it was observed that
most of them were captured alive; however, some were dead. To
investigate the effect of this variable on histamine levels, 24 live
and dead yellowﬁn and bigeye tuna samples were collected. These
samples were analyzed for histamine and other bioactive amines.
The level of amines was used to calculate quality indices such as,
total polyamines, total biogenic amines and Mietz and Karmas.
Among the ten amines investigated, spermidine, spermine and
putrescine were the only amines detected in the analyzed tuna
samples (Table 1). The presence of spermine and spermidine was
expected as these polyamines play an essential role in the growth
and health of living organisms. The presence of putrescine at low
levels was also expected, as it is the obligate precursor of the
polyamines. The absence of histamine and other biogenic amines in
the ﬁsh indicated that the quality of the tuna harvested was good
(Bulushi et al., 2009; Gloria et al., 1999; Krizek, 2009).
Whether the ﬁshwere dead or alive at the time of capture did not
signiﬁcantly affect the levels and proﬁles of the bioactive amines
spermine, spermidine and putrescine. Likewise, no signiﬁcant
difference was found for total polyamines (spermidine þ spermine),
total biogenic amines (putrescine), or the Mietz and Karmas index
(Table 2). Although no signiﬁcant difference in quality was observed,Table 2
Mean levels of polyamines, biogenic amines andMietz and Karmas indices in pelagic
trawl caught yellowﬁn (Thunnus albacares) and bigeye (Thunnus obesus) tuna
captured dead or alive.
Species/conditions Total levelsa,b (mg/kg) Mietz and Karmas
Polyamines Biogenic amines Indicesb
Yellowﬁn tuna
Alive 1.23  0.16 0.09  0.01xy 0.04  0.01xy
Dead 1.29  0.13 0.11  0.02x 0.05  0.01x
Bigeye tuna
Alive 1.17  0.10 0.09  0.02xy 0.04  0.01xy
Dead 1.21  0.45 0.07  0.02y 0.03  0.01y
a Polyamines ¼ spermidine þ spermine; Biogenic amines ¼ putrescine þ
cadaverine þ histamine þ tyramine þ phenylethylamine.
b Mean levels with different letters (x,y) in the same column are signiﬁcantly
different (Tukey test, 5% probability).it is advised that captured ﬁsh should be handled as soon as possible
to avoid maintenance at high temperatures typical of the tuna itself
and of the sea surface (Lehane & Olley, 2000).
Based on these results, every sample analyzed was considered
fresh, showing signiﬁcant levels of spermine and spermidine,
rather low levels of histamine and other amines and lowMietz and
Karmas indices (Gloria et al., 1999; Krizek, 2009).4. Conclusions
Existing ﬁshing, capture and post-capture practices for tuna in
the northeast of Brazil were investigated as well as their effects on
histamine levels in the ﬁsh. Fishing, capturing and post-capture
procedures that are prevalent for tuna in the northeastern coast
of Brazil include using a pelagic trawl, immediate stunning,
bleeding, evisceration, rinsing with chilled seawater and storage
in ice. These procedures produce good quality ﬁsh with low
histamine levels. The most prevalent tunas were bigeye and yel-
lowﬁn. Only 5% of the 180 samples of tuna analyzed contained
histamine, and it was detected at very low levels (6.90 mg/kg).
These histamine-containing samples were from trips taken during
late summer (March and April), which is considered a bad season
for tuna. The condition of the ﬁsh during capture e dead or alive e
did not affect the levels of spermidine, spermine and putrescine,
or any other quality index that was calculated based on bioactive
amines; histamine was not detected in either condition. Overall,
the ﬁshing, capture and onboard processing conditions on tuna
ﬁshing boats in the northeastern coast of Brazil are ensuring good
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